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DIMENSIONALLY STABLE FABRIC 



FIELD OF THE INVENTION 
This invention relates to wool-synthetic blend fabrics and more particularly 
to flame-resistant, dimensionally stable wool-synthetic blend fabrics suitable for use in 
aircraft interiors. 

BACKGROUND OF THE INVENTION 
Upholstery fabrics made from wool are known to have an attractive 
appearance and feel to the touch. Due to the tendency of wool to shrink after washing in 
water, however, attempts have been made to substitute wool fabrics with fabrics made fi-om 
synthetic materials such as polyester. The appearance and feel of fabrics made from 
synthetic materials, however, has been found to be inferior to that of fabrics made from wool. 
Fabrics made from blends of wool fibers with certain synthetic fibers retain some of the 
aesthetic features of wool as well as some of the cost benefits and potential property 
advantages of synthetics. 

In the aircraft industry, seat cover fabrics are subject to specifications 
provided by aircraft manufacturers such as Airbus and Boeing. The relevant Airbus technical 
specification, for example, is TL 25/5092/83. The relevant flammability, smoke and toxicity 
portions of the standard are FAR 25.853 (b), appendix F, amended 32, JAR 25853 (b), 
appendix change 10, and ABD 003 1 (previously numbered ATS 1000.001). These 
specifications include standards for abrasion resistance including resistance to abrasion 
simulated by a Martindale tester. Resistance to stains resulting fix)m spills, and to loss of 
color and shrinkage due to washing, is also specified. Seat cover fabrics may be required to 
meet specifications after a minimum of 10 washings. An areal weight below 470 g/m2 is 
(Docket 3350) 



specified. It is desirable that shrinkage diiring service life, including shrinkage due to 
cleaning processes, be minimized. Resistance to pilling, corrosion and color loss may also be 
specified. 

The relevant Boeing specification is BMS 8-236, for general upholstery 
5 interior applications. The flammability standard is provided by BSS7230, a twelve second 
vertical bum test, in which the sample is required to self extinguish within fifteen seconds, 
with a bum length of less than eight inches. Drips, if any, are required to extinguish in less 
than five seconds. Smoke emissions of less than 200 are specified according to BSS7238. 
Prescribed limits for individual toxic components in toxic gas emissions are tested according 
10 to BSS 7239. Dimensional stability is evaluated after prescribed cleaning, whether dry 

cleaning or water washing methods are used. While zero shrinkage is ideal, shrinkage levels 
of less than 6%, in both warp and fill directions, are acceptable. Standards for appearance, 
snag resistance, pilling resistance, color fastness and strength are part of the overall 
specification. 

1 5 Wool fabrics are typically cleaned using a dry-cleaning process, including 

immersion in a solvent such as perchloroethylene, in order to maintain the dimensional 
stability of the iabric. Due to environmental and cost considerations, it would be desirable to 
clean wool-based fabrics without the use of perchloroethylene or other organic solvents. 
Water containing surfactants or detergents is highly effective in cleaning such fabrics, 

20 however, use of water-based cleaning solutions has been limited by the tendency of wool 

based fabrics to shrink after being subjected to such solutions. Synthetic fibers, on the other 
hand, are typically highly resistant to shrinkage following washing in water. Synthetic fibers, 
however, tend to be highly flammable. 



Becaiise of the nature of the constituent parts of the above mentioned wool- 
synthetic blends, such blends in the prior art are typically neither flame resistant, nor shrink 
resistant when washed in water. There is a need for fabrics made from wool-synthetic blends 
that will meet the special requirements for aircraft interiors. 

BRIEF DESCRIPTION OF THE INVENTION 
In one embodiment of the invention, a method of producing a 
dimensionally stable, fire-resistant fabric suitable for use on aircraft includes the steps of 
providing a yam a having a blend of wool fibers and fire-resistant synthetic fibers, the wool 
fibers comprising approximately 30% to 70% of the blend, weaving the yam to form a fabric, 
and heat setting the fabric to achieve a washable woven structure resistant to shrinkage. The 
synthetic fibers may include polyester fibers produced or treated to enhance fire resistance. 

In another embodiment a method is provided for producing a dimensionally 
stable, fire-resistant fabric by spinning wool and fire-resistant polyester fibers to form a yam, 
weaving the yam to a form a fabric, and heat-setting the fabric to produce a finished material 
that passes Airbus and/or Boeing specifications. 

In a fiarther embodiment a method is provided for producing a fire-resistant 
wool-based yam by spinning shortened wool fibers with fire-resistant polyester fibers in a 
vortex spinning apparatus, weaving the yam into an aircraft manufacturer-approved fabric, 
and heat-setting the fabric in a stenter apparatus such that it resists shrinkage after water 
washing. In a ftirther embodiment, the method includes treating the yam or fabric with 
zirconium to augment the fire-resistant properties. 



In yet another embodiment a method is provided for producing a 
dimensionally stable fabric by providing wool fibers, an effective percentage thereof cut or 
broken to fall within a selected length range, providing fire-resistant synthetic fibers, spinning 
the wool and synthetic fibers to produce a wool-synthetic blend yam, wherein the wool fibers 
comprise approximately 30% to 70% of the blend, weaving the yam to form a fabric, and 
heat setting the fabric to produce a fabric that passes aircraft manufacturer specifications. 

Wool fibers having a typical length of no greater than approximately five 
centimeters may be prepared by stretch-breaking. The synthetic fibers may include polyester 
fibers. Fibers may be spun by delivering the fibers to a ring spinning, air-jet spinning or 
vortex spinning apparatus for spinning the fibers into a yam. The fabric may be heat-set by 
securing and heating the fabric within a stenter. When passing the fabric through a stenter, 
sufficient heat is applied to set the fabric and produce a dimensionally stabilized fabric 
resistant to shrinkage. Further steps may include applying zirconium fire retardant to the 
fabric and applying a coating to bind the zirconium fire retardant to the fabric. 



DETAILED DESCRIPTION 

In one embodiment, wool fibers are first prepared by reducing their length. 
Wool tops, consisting of fibers that are approximately 5.5 to 8 cm in length, are passed 
through a stretch-breaking machine to reduce their lengths to approximately 2 to 5 cm. It is 
advantageous if the fibers are approximately 3 to 4 cm in length. It is advantageous if the 
wool fibers have diameters in the range of 17 to 25 microns, and particularly advantageous if 
the wool fibers have diameters in the range of approximately 22 to 25 microns. 

After stretch breaking, the wool fibers are combined with flame retardant 
(FR) polyester fibers having a length of approximately 2 to 5 cm, and the resulting combined 
fiber bundles are passed through one or more draw fi-ames. The drafted wool and FR 
polyester fiber bundles are introduced into a spinning machine at such relative rates as to 
achieve wool contents in the range of approximately 30 to 70 percent. It is advantageous to 
the properties of the resulting fabric if the wool content is in the range of approximately 40 to 
60 percent. 
Spinnmg Technoloev 

Typically, carding occurs prior to, or as an initial step in, the spinning 
process. Through carding, fibers are straightened and made relatively parallel to one another. 
After carding the fibers form a thin layer called a web. The web is gathered into a loose rope 
called a sliver. The shver is typically woimd into a large can and then moved to a draw 
firame. In the drawing process, multiple cans of sliver are drawn together to form a combined 
sliver. 

Ring spinning is a relatively slow spinning technology that typically yields 
a high quality yam. During ring spinning, sliver is fed into the drafting zone of the ring 
spinning fi^e. The drafting zone has one roller that turns relatively slow and feeds the 



sliver and another roller that turns relatively fast. The faster roller pulls out a few fibers at a 
time forming a fme stream of fibers that are fed to a rotating spindle inside a ring. As the 
spindle rotates, it drags a slower moving traveler on the ring. The ring twists the fibers as 
they are wound onto a bobbin that rides on the spindle. After spinning, the yam may then be 
used for weaving, perhaps after being fiirther transferred to other holding structures. Ring 
spinning has been the preferred method of producing high quality wool yams that 
demonstrate superior feel to the touch and abrasion resistance. 

The air-jet spinning method uses air currents to twist fibers together, 
resulting in higher throughput and productivity than ring spinning. Air-jet spinning may be 
used to spin blends of wool and FR polyester fibers, but yields yams with reduced abrasion 
resistance in comparison with ring and vortex spinning. 

The air vortex spinning method is a particularly efficient spinning method 
that is a capable of spinning yams at very high speeds and that 3aelds a yam having a 
relatively smooth texture and increased abrasion resistance. A vortex spinning apparatus 
typically takes drawn sliver and drafts it to the desired yam count via a four-roller drafting 
unit. The drafted fibers are then sucked into a nozzle where a high speed air vortex wraps the 
fibers around the outside of a hollow stationary spindle. Yam twist is then imparted as the 
fibers are pulled down a shaft that runs through the middle of the spindle. 

An example of a vortex spinning apparatus is described in the patent to 
Mori, patent No. 6,370,858, hereby incorporated by reference. Mori discloses a vortex 
spinning method in which a drafted fiber bundle is supplied to a nozzle block and then to a 
hollow guide shaft. A core fiber is also fed to the nozzle block and then to the hollow guide 
shaft. Vortex air currents ejected &om spinning nozzles in the nozzle block cause inversely 
tumed fibers to wrap the fiber bundle and core fiber to create core yam. The core fiber may 
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be multi-filament in which case the vortex air currents balloon the multiple filaments, 
resulting in the filaments being partially separated from one another. The vortex air currents 
insert the firont ends of the fibers into the clearances between the separated filaments, and 
cause the other ends of the fibers to wrap around the multi-filament core fiber, resulting in the 
5 creation of the core yam. 

The spinning speed of a vortex spinner is much faster than that provided by 
ring spinning with the ring method typically producing yam at the rate of 20 meters per 
minute and the vortex method typically producing yam at the rate of 400 meters per minute. 
The vortex method does not readily accommodate the longer fibers typically used in wool 
10 spinning, however, and it has been found to be advantageous to reduce the fiber lengths as 
illustrated in the various embodiments of the invention disclosed herein. 
Preparation of the Fabric 

In the various embodiments contained herein, the spinning process used to 
produce the yam may include ring spinning, air-jet spinning, air vortex spinning or other 
1 5 appropriate means. It is advantageous, however, to spin the yam using a vortex spinning 
method and apparatus. 

After spinning, the yam is typically dyed to a selected color and then 
woven into a fabric. The particular weave is typically determined by the requirements of the 
eventual use of the fabric. Appropriate weaves include those known for use by American 
20 Airlines and United Airlines. 

After weaving, the fabric is heat-set to increase dimensional stability of the 
fabric. It is advantageous if the heat setting includes the step of aflixuig the fabric within a 
stenter ftsanns so that a given dimension may be controlled during the heat-setting process. 
The fabric is heat set within the stenter by heating the fabric to a temperature in excess of 
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100°C. The actual temperature used is primarily dependent upon the chemical nature of the 
synthetic fiber being used. Multiple heating bays may be used, each successive bay typically 
providing increased heat. In the case where a polyester fiber is used, the maximum 
temperature is typically set between approximately 1 70°C and 220°C. Dwell time, the time 
5 period in which heat is applied to the fabric in the stenter may be adjusted according to 

temperatures used and composition of the fabric. The fabric is typically heated by provision 
of dry heat using appropriate means such as a gas fired burner and heat exchanger. In one 
embodiment, dimensional stability results fi'om incipient melting of polyester (or other 
synthetic) fibers and subsequent bonding of the fibers to form a continuous or semi- 

10 continuous polyester network or lattice within the fabric. 

In an embodiment directed to vortex spun yam, wool tops are passed 
through a stretch-breaking apparatus and the fiber length is thereby reduced to approximately 
3 to 4 cm. The wool fibers are then combined with FR polyester staple having an 
approximate length of 3 cm, at a ratio of one part wool fiber to one part FR polyester. The 

15 combined fibers are drafted on a drawframe and then spun in a vortex spinner. Portions of 
the yam are dyed to a desired color or colors and then woven into a fabric suitable for use in 
aircraft such as for seat upholstery. The fabric is heat set in a stenter at approximately 190°C 
for approximately 30 seconds. As a result of this process the fabric meets airline interior 
fabric test specifications, including those for fire resistance, abrasion and shrinkage after 

20 water washing. By way of example, a fabric may be produced in accordance with the above 
embodiment to pass Airbus specification TL 25/5092/83 and Boeing specification BMS 8- 
236. 

Additionally, yam spun from a blend of wool and synthetic fibers, the wool 
fibers comprising between approximately 30 to 70 percent of the blend, may be treated with 
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zirconiiun-based fire retardants prior to weaving to augment the fire-resistant qualities of the 
resulting fabric. The zirconium treatment may also be applied to any of the other fabrics set 
forth above. 

To resist dislodging of the zirconium fire retardant fi-om the fabric during 
5 washing, the fabric may be treated with polyuretfaane or other appropriate material to coat the 
zirconium and bind it to the fabric. 



